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定 75批依诺沙星制剂中的有关物质，确定含量不低于 0.1%的主要杂质。采用Thermo Accucore 
XL C18（4.6 mm × 250 mm，4 μm）及高效液相色谱—三重串联四极杆质谱，以 0.1%甲酸溶液
（含 5 mmol·L-1醋酸铵）-甲醇-乙腈（86 : 5 : 9）为流动相A，以 0.1%甲酸溶液（含 5 mmol·L-1




























Enoxacin is a third generation fluoroquinolone antibiotics and has a broad-spectrum 
antibacterial effect. In 2011 and 2013, China Food and Drug Administration released the adverse 
reactions of fluoroquinolone drug in the “Adverse Drug Reaction Information Bulletin” (No. 35 and 
No. 38, respectively). The main side effects include gastrointestinal reactions, central nervous system 
reactions, and the adverse reations caused by durg combination. Study on the related substances in 
enoxacin is crucial and necessary for further study of the quality status of the drug category, for 
providing reference for the cause of the adverse reactions, and for improving the quality control in 
the production process of raw materials and preparation. 
In this study, LC-MS and FT-MS were applied for structure identification and source analysis of 
the related substances in enoxacin preparation. The related substances in 75 batches of enoxacin 
preparation were analyzed by HPLC to confirm the main impurities that were more than 0.1%. The 
determinations were performed on a Thermo Accucore XL C18 column (4.6 mm × 250 mm, 4 μm) 
and HPLC-Triple Quad MS. The mobile A was 0.1% formic acid solution (containing 5 mmol·L-1 
ammonium acetate)-methanol-acetonitrile (86 : 5 : 9), and the mobile B was 0.1% formic acid 
solution (containing 5 mmol·L-1 ammonium acetate)-methanol- acetonitrile (350 : 325 : 325). The 
main related substances in enoxacin were separated by HPLC and their quasi-molecular ion peaks 
[M+H]+ were roughly determined. The peaks of enoxacin and the main related substances could be 
separated well in the established condition of HPLC-Triple Quad MS. FT-MS was used to determine 
the accurate molecular formula of parent ions and product ions, and then the structure identification 
and source analysis of the main related substances were done by comparing whit the reference 
substances, as well as elucidation of fragmentation regularities, and production process.  
The results showed that all the three main related substances contain the 1, 8-naphthyridine 
stem-nucleu of enoxacin. Their sources were related to the production process and crude drug. The 
structures and sources of the main related substances in enoxacin preparation were ascertained 
through the study, which provides a reference for improving the production steps and the 
characteristic of products. 
 

















Abbreviation Full Name 
HPLC high performance liquid chromatography  
FT-MS Four ultra high resolution Fourier transform ion cyclotron resonance mass spectrometer  
m/z mass-to-charge ratio 
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局于 2011 年和 2013 年两次发布了关注喹诺酮类药品和氟喹诺酮类药品所导致的不良反应
及严重不良反应的《药品不良反应信息通报》。目前，国内片剂生产企业 15 家，批准文号
19个,现行标准为《中国药典》2010年版二部 [1]和《中国药典》2010年版第一增补本 [2]；
胶囊剂生产企业 15家，批准文号 17个，现行标准为《中国药典》2010年版二部 [1]；注射


























图 1- 1. 依诺沙星的分子结构 


















为 N原子和 C原子。 
A环是喹诺酮类药物必备的活性药效基团。 















































图 1- 2. 依诺沙星的构效关系 [8-10] 












































































 依诺沙星具有广谱、强效杀菌作用，主要作用于细菌 DNA螺旋酶的 A亚单位，抑制
细菌 DNA的合成过程，阻碍其复制，从而导致细菌死亡。依诺沙星口服吸收完全，相对生
物利用度约为 90%，其主要吸收部位为小肠，其表观分布容积大于 100 L。本品主要自肾、




























图 1- 3. 依诺沙星的合成工艺流程 
Figure 1- 3. The synthetic procedure of enoxacin 
 
图 1- 4. 依诺沙星原料药合成路线图 
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